Experimental studies have demonstrated KLOTHO gene polymorphism might be associated with vascular atherosclerosis and calcification. However, the impact of this genetic variant on human coronary arteries still remains to be elucidated. We investigated the effect of a KLOTHO gene variant on coronary artery stenosis and calcification. Four hundred and thirty-four patients referred for chest pain were enrolled. All the patients underwent coronary angiography and were investigated for polymorphism of the KLOTHO G395A gene. Coronary artery disease (CAD) was defined as ≥ 50% diameter stenosis in at least one coronary artery. The other patients were considered to be controls. Homozygotes or heterozygotes for G395A were significantly more common in the CAD patients than in the controls (30.2% versus 21.5%, P = 0.039). In the subgroup aged < 60 years, the G395A mutant was more frequent in CAD than in control (35.3% versus 18.8%, P = 0.016), but in patients ≥ 60 years, there was no difference (28.0% versus 24.1%, P = 0.473). Using multivariate analysis, we identified the KLOTHO gene G395A mutant as an independent risk factor of CAD (OR 1.712, 95% CI [1.066-2.749], P = 0.026). The frequency of the KLOTHO gene G395A mutant was not different between the calcified and noncalcified coronary artery groups (25.7%, 26.4%, respectively, P = 0.861) and an A allele carrier state was not an independent risk factor of coronary artery calcification. In conclusion, the KLOTHO gene G395A allele carrier state may be associated with CAD but not with coronary artery calcification in this Korean population. (Int Heart J 2009; 50: 23-32) 
IT has been demonstrated that the overall biological effect of KLOTHO is suppression of the aging process and an over-expressed KLOTHO gene has been shown to increase the life span of mice. 1) The KLOTHO gene defect in an experimental mouse model was reported to have similar expressions of premature aging including osteoporosis, infertility, gonadal, thymus, and skin atrophy, physical inactivity, and pulmonary emphysema. 2) Of note, they displayed progressive vascular atherosclerosis and calcification. 2) Subsequent human studies indicated that the functional variant of KLOTHO (KL-VS) may be associated with longevity and early onset occult coronary artery disease (CAD). [3] [4] [5] Furthermore, another report described the association of this variant of the KLOTHO gene with high-density lipoprotein cholesterol (HDL), systolic blood pressure, and stroke. 4) Recently, G395A in the promoter region was suggested to be significantly linked with bone mineral density, which appeared to be related with arterial atherosclerosis and calcification. 6, 7) However, no study has investigated the association between KLOTHO gene mutation and coronary calcification. Most research has dealt with only coronary atherosclerotic disease and osteoporosis, both of which may potentially influence coronary calcification.
One study conducted in Japan involving 197 patients demonstrated that the incidence of A allele carriers of the KLOTHO gene was significantly higher in the CAD group than in the control group (29.9% versus 19.0%) and the A allele was an independent predictor of CAD. 8) However, another study concluded KLOLTHO G395A polymorphism had no relation with CAD in a Korean population. 9) Therefore, it has become imperative to evaluate the real contribution of the KLOTHO gene variant to CAD risk and the association between KLOTHO and coronary arterial calcification.
Methods

Study population:
Between November 2004 and August 2005, a total of 434 consecutive Korean patients aged 19 to 97 years (mean age, 61.8 years) who underwent coronary angiography (CAG) due to chest pain were enrolled in this study. The exclusion criteria were as follows; pregnancy, lactation, history of hypersensitivity reaction to contrast media, cardiogenic shock, pulmonary edema, mechanical ventilation, and use of metformin within 48 hours of the procedure.
This study was approved by the institutional review board at our hospital and all participating patients provided informed consent. Coronary angiography: Coronary angiography was performed routinely, via a femoral or radial approach in all patients. Coronary artery disease was defined as ≥ 50% diameter stenosis compared to the reference vessel diameter with vis-ual estimation by the 2 experts in interventional cardiology at our hospital, Drs. YJ Choi and SH Jo. Patients who had a diameter stenosis of < 50% at all coronary arteries served as controls. Coronary calcification was defined as positive if a calcified coronary artery was observed in at least one coronary artery segment in multigonal fluoroscopic and cine-angiographic images by 2 experts who were blind to the genotype of the patient. Coronary arterial intervention for a significant stenotic lesion was performed at the discretion of the operator. Genotyping of KLOTHO G395A: Blood samples were obtained immediately after the vascular access prior to the coronary catheterization. Genomic DNA was extracted from samples of these peripheral blood mononuclear cells. The KLOTHO genotype (G395A) was determined using the TaqMan PCR assay. The sense oligonucleotide primer was TAGGGCCCGGCAGGAT and the antisense primer was CCTGGAGCGGCTTCGTC. The products were analyzed using an automated sequencer (ABI PRISM 7900HT, Applied Biosystems, Foster City, CA). Genotyping was performed and determined in a blinded fashion by laboratory personnel at Hallym University Sacred Heart Hospital. Statistical analysis: Hardy-Weinberg equilibrium was tested with the chi-square test. Data were compared using the chi-square test or Fisher's exact test (categorical variables) and the Student t test (continuous variables). P values < 0.05 were considered statistically significant. To assess the effects of various environmental and genetic factors on the presence of coronary artery stenosis and calcification, the odds ratios (ORs) and 95% CI for all potential risk factors related to it were calculated by multiple logistic regression analysis. For the multivariate model, hypertension, diabetes, and dyslipidemia along with sex, smoking, and G395A genotype were incorporated into the model as categorical variables, whereas age and basal serum creatinine were expressed as a continuous variable. All statistical analyses were performed using SPSS software version 13.0 (SPSS, Inc.).
Results
Patient population and baseline characteristics:
A total of 434 patients referred for diagnostic or interventional coronary angiography due to chest pain were enrolled. All of the patients underwent coronary angiography and were analyzed for the KLOTHO G395A genotype. Demographic and baseline data according to the coronary artery disease status are provided in Table I . Older patients, males, hypertension, diabetes, and smoking were more common in CAD patients than in the control group, and the left ventricular ejection fraction (LVEF) and total cholesterol level were also significantly different between the two groups (Table  I) .
Genotype distribution: The distribution of genotypes of the polymorphisms according to the study group is presented in Table II . The allele frequency of KLOTHO G395A polymorphism was 85.4% for the G allele and 14.6% for the A allele. The genotypic distributions of this polymorphic region in both groups were within Hardy-Weinberg equilibrium. Association of KLOTHO G395A polymorphism with coronary artery disease: The genotype distribution of the G395A polymorphism according to study group is shown in Table II . GA and AA mutants were higher in the CAD group, although the difference was not statistically significant (P = 0.116). However, the incidence of total -395A allele carriers (heterozygotes + homozygotes) was significantly greater in the CAD patients than in the control (30.2% versus 21.5%, P = 0.039) (Table III) .
Notably, in the subgroup < 60 years old, the -395A allele carrier was more common in the CAD group (35.3% versus 18.8%, P = 0.016) (Table IV) , while there was no difference between the 2 groups (28.0% versus 24.1%, respectively, P = 0.473) in the subgroup ≥ 60 years old. When employing more stringent cri- 
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teria for coronary artery disease with the definition of diameter stenosis ≥ 75%, there were significantly more -395A allele carriers in the CAD patients than in the controls for the subgroup < 60 years of age (34.8% versus 19.4%, P = 0.025), although there was no difference in patients in the ≥ 60 years age group (27.7% versus 25.2%, P = 0.644).
In a similar fashion, in the subgroups of nondiabetic and nonhypertensive patients, the A allele carriers were significantly more frequent in the CAD patients than in the controls compared with the diabetes and hypertensive patient subgroups (Table IV) . We also observed a slightly higher prevalence of G395A polymorphisms in the nondyslipidemia and nonsmoking subgroups, although the difference did not reach statistic significance, but not in the dyslipidemia and smoking patient subgroups (Table IV) .
KLOTHO G395A allele carrier state as an independent risk factor of coronary artery disease: Multivariate analysis using a logistic regression model was performed to evaluate KLOTHO G395A allele carrier state as an independent risk factor of coronary artery disease. This model included age, sex, hypertension, diabetes, dyslipidemia, smoking, and BMI along with KLOTHO G395A carrier state, which were significant risk factors in the univariate analysis and traditional risk factors of CAD. The KLOTHO G395A carrier state was an independent risk factor of coronary artery disease (OR 1.712, 95% CI [1.066-2.749], P = 0.026) ( Table V) .
Association of KLOTHO G395A polymorphism with coronary artery calcification:
The incidence of patients who had coronary calcification in at least 1 coronary artery was 51.2% (222/434). Patients with a calcified coronary artery were significantly more common in the CAD patients than in those without CAD; 67.4% (155/230) versus 32.8% (67/204), P < 0.0001.
The allele frequency (GG, GA, AA) was not different between the coronary calcification group and noncalcification group; 74.4%, 22.4%, 3.2% versus 73.6%, 23.6%, 2.8%, respectively (P = 0.961). The frequency of the G395A allele carrier state (GA+AA) was similar between the two groups; 25.5% in the calcification group and 26.4% in the noncalcification group (P = 0.842). However, in renal insufficiency patients with an eGFR < 50 mL/minute/1.73 m 2 , the frequency of G395A polymorphism was significantly higher in those with cal- 
Discussion
In the present study, we demonstrated that the -395A allele carrier state was significantly more common in the CAD patients than in the controls (30.2% versus 21.5%, P = 0.039) and was an independent risk factor of coronary artery atherosclerotic stenosis by multiple logistic regression analysis. We also found, for the first time to the best of our knowledge, that coronary calcification was not related with the KLOTHO gene G395A polymorphism.
Human KLOTHO G395A polymorphism has been reported to influence promoter function, while G-->A substitution affected KLOTHO expression and influenced bone density. 6) It was demonstrated that low bone mineral density may be associated with arterial calcification and generalized atherosclerosis, and may be an independent predictor of cardiovascular mortality. 10) The mechanism of the beneficial function of KLOTHO remains to be investigated. Recent experiments have found that endothelium-dependent vasodilation of the aorta and arterioles was impaired in heterozygote KLOTHO mice 11) and nitric oxide metabolites in urine are significantly lower in heterozygote mice. 11) This result may imply that the cardiovascular system could be protected by KLOTHO through endothelium-derived nitric oxide production 11, 12) and its genetic variation might affect the risk of CAD. Moreover, recent publications demonstrated that KLOTHO was likely to have a role in calcium balancing on the cell surface and regulating glucose metabolism in organs. 13, 14) These data may be translated into KLOTHO becoming a potential target for therapeutic intervention in metabolic disorders which are closely associated with CAD.
The first suggestion that G395A polymorphism may be related to human CAD came from the study conducted by Imamura, et al that included 197 CAD patients diagnosed by coronary angiography using CAD criteria similar to those of our study. 8) They reported that A allele carriers were significantly more common in CAD patients than in controls (29.9% versus 19.0%), and the frequencies were similar to our results.
The allele frequency of KLOTHO G395A polymorphism in the control group of our study was 12.2% for A allele, a finding which was consistent with other data reported in Korean 9, 15) and Japanese (14.3%) subjects, 6) but somewhat lower than that in whites (19.6%). 6) This less frequent adverse allele for vascular atherosclerosis may in part explain the low prevalence of coronary arterial disease in ethnic Asians compared to whites. The data obtained in the present study were also consistent with the results of a Japanese study in which G395A polymorphism was higher in the CAD group and was an independent risk factor of CAD. 8) However, another study in a Korean population showed similar G395A polymorphism frequencies between CAD and control patients, in contrast to our results. 9) The reason for this discrepancy, we believe, may result from their relatively smaller sample size compared to ours.
In the subgroup of relatively younger patients ≤ 60 years old in our study, intriguingly, the A allele was more frequent in the CAD group, especially under the more strict criteria for CAD of ≥ 75% luminal stenosis. This result may imply that the KOLTHO gene variant exerts its strength in the young population rather than in older CAD patients, which supports the findings of an article reporting KLOTHO genetic polymorphism may be related with early onset occult coronary artery disease, although the allele studied in their study was KL-VS. 5) In the present subgroup analysis, in the nondiabetes and nonhypertensive group, the A allele carrier was significantly frequent in CAD patients, but not in the subgroup of diabetes and hypertensive patients. There was a similar trend in the nondyslipidemic and nonsmoking subgroup, although it failed to reach statistical significance. We believe these results may be derived and caused by the more potent impact of traditional coronary risk factors on CAD than the genetic background of KLOTHO. Therefore, it may be postulated that the KLOTHO gene mutation may have had its effect on the less ill patient group. 
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The strengths of our study include the accurate estimation of coronary artery stenosis and calcification by performing coronary angiography in all the study patients as compared with the indirect evaluation of CAD status with thalium 201 scintigraphy in another study, 5) and the relatively large scale compared with that of other similar studies involving Japanese and Koran patients. 8, 9) We found that the coronary calcification determined by cine-angiography and fluoroscopic evaluation was not related to the KLOTHO G395A variant. A query may be raised regarding our method of evaluating the coronary calcification. However, a previous article reported the fluoroscopy guided determination of coronary calcification was a highly specific, easy to perform, and inexpensive method. 16) Moreover, we evaluated coronary calcification in combination with cine-angiography in at least 3 other images examined by 2 interventional experts at our hospital.
We have demonstrated here for the first time that a KLOTHO gene mutation is a new risk factor of CAD, and described its relationship with coronary arterial calcification in a Korean population. Our data may be further important evidence suggesting an association between genetic background and CAD, at least in this Asian ethnic group. Conclusions: In conclusion, the KLOTHO gene G395A allele carrier state was identified as a novel risk factor of coronary artery disease, but was not associated with coronary artery calcification in this Korean population.
